The ability to obtain infectious papillomavirus virions from molecularly cloned DNA has not been previously reported. We demonstrate here that viral genomes isolated from a recombinant DNA clone of cottontail rabbit papillomavirus (CRPV) gave rise to infectious virus when inoculated into cottontail rabbit skin. Replication occurred in papillomas that formed at inoculation sites. Extract of a DNA-induced papilloma was serially passaged to naive rabbits with high efficiency. Complete virus was fractionated on cesium chloride density gradients, and papillomavirus particles were visualized by electron microscopy. CRPV DNA isolated from virions contained DNA sequence polymorphisms that are characteristic of the input CRPV-WA strain of virus, thereby proving that the newly generated virus originated from the molecularly cloned viral genome. These findings indicate that this will be a useful system in which to perform genetic analysis of viral gene functions involved in replication.
Investigation of papillomavirus replication has been hampered by the lack of a suitable experimental system. Major impediments are species specificity, which precludes infection of animals with human papillomaviruses (HPVs), and a requirement for highly differentiated keratinocytes, which has thwarted efforts to obtain virus replication in cultured cells. These impediments have been partially overcome by xenografting HPV-containing tissues (17, 18) or cells (22) onto athymic mice, or by inducing HPV-containing keratinocytes to differentiate in organotypic (raft) cultures (10, 20) . These systems have relied on natural or experimental infection by whole virus. The ability to utilize molecularly cloned papillomavirus DNA to produce infectious virus has not been previously reported.
The Shope, or cottontail rabbit, papillomavirus (CRPV) induces papillomas with the propensity to progress to cancer (23) , and we have been using the CRPV-rabbit system as a model for HPV infections. In previous work we showed that papillomas can be efficiently induced in domestic rabbits by using a jet injector to deliver molecularly cloned CRPV DNAs and that the use of mutant CRPV DNAs in this system allows dissection of the genetic determinants of papilloma formation (3, 4, 9) . Because papillomas of domestic (Oryctolagus sp.) rabbits do not produce virus particles (23) , however, replication cannot be studied with this species. This report expands our previous work and demonstrates that cloned CRPV DNA can give rise not only to papillomas but also infectious virions when inoculated into cottontail (Sylvilagus sp.) rabbits.
The CRPV-pLAII clone of CRPV, derived from the Washington B strain of virus (21, 24) , was utilized. In this clone, the CRPV-WA genome is inserted into plasmid pLAII at its unique Sall site, resulting in disruption of open reading frame L2. We reasoned that an intact L2 gene, which encodes one of the two viral capsid proteins, would be required to produce infectious virus particles. Recombinant CRPV DNA was prepared (6) size fractionated in an agarose gel. The CRPV genomic fragment was electrophoresed onto a strip of DE 81 paper (Whatman) and eluted by incubation in 20 mM Tris-1.5 M NaCl-1 mM EDTA, pH 7.4, at 37°C for 2 h. The DE 81 paper was removed by centrifugation in a plugged 1-ml syringe, and the DNA was ethanol precipitated. Half of the Sallcleaved CRPV-pLAII DNA and half of the purified CRPV DNA fragment were circularized by ligation overnight at 15°C with ligase buffer recommended by the manufacturer (Boehringer Mannheim, Indianapolis, Ind.) and containing 1 mg of DNA per ml and 300 U of T4 DNA ligase per ml. Four DNA preparations resulted, and these were dissolved in saline at the following concentrations: (i) CRPV fragment, 0.48 mg/ml; (ii) ligated CRPV fragment, 0.48 mg/ml; (iii) Sall-cleaved CRPV-pLAII, 0.7 mg/ml; and (iv) ligated Sallcleaved CRPV-pLAII, 0.7 mg/ml. (Fig. 4) ploying an inoculum of molecularly cloned CRPV DNA to obtain virion replication. Cloned CRPV DNA, cleaved from its plasmid vector and subsequently religated, was infectious whether or not it had been physically separated from its plasmid vector. Intradermal inoculation of extracts of the induced papillomas readily induced papillomas in naive rabbits. The nature of the infectious material was shown to be virus by banding at the buoyant density of CRPV. The presence of typical papillomavirus particles was demonstrated by electron microscopy. PCR analysis showed that CRPV DNA in the papillomas had reannealed at its cloning site in L2 and that no intervening plasmid sequences were present. The CRPV-WA genome used as inoculum was cloned from the Washington B strain of virus, and its E5-L2 region harbors distinct polymorphisms compared with that of the fully sequenced CRPV-KS strain of virus (4) . Final proof that the CRPV-WA DNA inoculum was responsible for inducing progeny virus was obtained by sequencing the E2-L2 region of CRPV DNAs cloned from cesium-banded microscopy. Three representative fields are shown. Magnification, virus. The polymorphisms characteristic of the CRPV-WA inoculum were identified in all clones. Thus, since we have never had the Washington B strain of CRPV in our laboratory (aside from that produced in the experiments described here), the virus we obtained could not be from contamination and must be the result of de novo replication. This investigation represents an important extension of studies by Y. Ito and colleagues (12) (13) (14) (15) , who showed in the 1960s that nucleic acids extracted from Shope papillomas were infectious and tumorigenic in domestic rabbits. Infectious nucleic acids could be isolated from papillomas of cottontail or domestic rabbits and from partially purified virus, prepared by differential centrifugation of cottontail papilloma extracts. The infectious material was demonstrated to be DNA. Ito and Chambers showed that infectious papillomavirus particles could be produced in cottontail rabbits by inoculation of DNAs extracted from a pool of cottontail rabbit papillomas (7) .
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